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FACTORS WiICH DETERMINE CHANCES OF ONTOCENY IN
EVOLUTTION
by B.S. Matveyev¥
[Followling is a translation of a paper by
B.8. Matveyev entlitled "Fakbory, opredelydyu»'
ﬁhmhiye_iZmﬁnens re ontogenezss v evolyubail!
{(English version sbove) in Arkhlv Anstomii,
Gistologli 1 Embriclogii (Archives of An tomy ,
Histolegy and Embryology), Vol. 38, No. 3,

1960, Leningred, pages 3~15.)

t pregent inﬁerpret&tipn.iﬁ generally accapted
th@’ neoplasms, determining the formation of new features
in evolutlon, arisze dufing the entire individual develop~
'ment, beglinning with the conception of sex cells in parent
,Qrganism to the very desth of the organism. This idea
* -:A.Nm SﬂVnru sov Institute of Animal Morphology, AS,
USSR and Yaboratory of VNW“@brate Morphology. MGU.

Submitted for publication August 28, 1959.
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:'mri gin of specles, still In 1842 and 1B4L and later re-

. the theory of Haeckel's biogene?ic Lawn Hueckel defended

Baeckel, ontogeny in & reflectlon of pﬁjlagéﬂﬁa i.e., the
1 neoplasms chenging the strucbure and function of animals
ag adlusbments to existence conditlon originate in adult

subsequent generations. In spite of further criticlism

;daeeu the ldea that evolutiou is accomplished by the

has been expressed by Darwin in his early ¢ssays on the

peated in "Origin of the Speciles" (1853). ’Then it was
proved and developed by F. Muller in-his book 'On Darwin®

(1864). However, later it was forgotten and replaced by

another point of view in blogenetle ;” * Aecording to

animals, and later the acquired changes shift into emnryo~
15gia dorndition, constantly reﬁiaceh Ly new ones, in the
off bicgenetle law, smchjam inte wp%&tation of factors,
deternining the recapltulation of ancegtor characterlstics
the ontogeny of decendents, establlished for a long

time in blological Literature.

&. N. Severtso¥ was one of the first who reintro~

changing ontogeny 19 1-1912). However, A.N. Severtsoy

in the phylembryogen@ais.theory discussed only the origlna-
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process, snslyzing only thelr physiosloglcal eagence.

tior in évo}uPimn of @ﬂwlt farm.enaramte ilcs énd

up to 19J) incorrectly 1nt¢vnrpted the ViéWs of Darwin

on thls wr&bl%r (B.3. Matve J&Va'l?%@ 1046, 1948%,

comparing thex to the views of F. Mﬁllgrﬂ Cavusal factors,

determining the change in on boge ony ne did not toueh

uporn, pbﬁiﬁg only the problem of when and how the ehang&s‘
of aﬁhlb forps origingte in phylogenetic development,

or not why. Present theoriphs of the ,wcnﬂc of evolu~

tlon disauaaiuw the role onhogeny bransformations in

the process of evolublonsry szniﬁpmcnn (G. deBear
1030=1958, . Rench 1954, A. Remsne 1G56), mﬁ also
a1l Soviet blologlets be; niﬂg with Aﬁﬁn Seve ﬁt$@§,
indapendﬁntly of Darwinrevl d %h ide aitbﬁt evolution.
gomes about by th@.way_ef‘ changing the courdge of ontbgeny,
not digoussing the preblems of fectors csusing these
changes., Onte sgenetls f&ctars.af& analyzed in detall

in the sxgerimental embryology, but the representablves

of development mechanles do net relabe thelr analysis of

individual development fectors with historle development

Later study of thiz problem by morphologists

(Ao Haef 1907: B, Frants 19273.0. . deBeer 193010585
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I, Bnmallgauzen 1938, 1942 andnl9ﬁ8;-3« Rench 19543

&, Remane 1956

of individual davglgpmgnﬁ,'paying mich lesg attention

of ﬁmmrvqnjc cellg. Along with thg;ﬁ qualxuauivm changes,

"aa&llerﬁuiﬁn or retbardation mf‘ﬁnt@g@neﬁisg-seyarabe onto-

.

} glso sre 13 mitéﬁ.mﬁim?y by Lhe egtablish~

e mf'différanﬁ forms of ?hylﬁgénetiﬁ_tramsformatiﬁnﬁ

to the problem of couses and factors. In the last

summary on the given problem, B. Rench (¢953) ﬂaid that

<t

B

e entire evolublon 1s MLﬂed axca%gﬁvwny onn the mutations

of "Penov" chromoscmes, the entlre genowe or cytoplasm
qm@ﬁfiﬁmtiV@ chan nges are especlally frequently met through

genellie phasned &r»the developmant of gﬁpafate.mr@anﬂ !
or ghructhurses, throﬁgh.he@eroahﬁeny¢ Eurtﬁer, hé p&ya
gtisntlon to zhﬁ'Qﬁaceas-éﬁ.&b&raviatiom arul prﬁlohg&tian
of uauaga wesis and thern lists elght different forms of
thene @x&m@f@ﬁ%ﬂ%&mﬁaqtmaing ag the basis A,%*Severtsov
phylenbryogsnetic types., X.T. Shmal'lgauzen gave main
attentlion to int@rnal &evalapmental,faaﬁérs caugling dis~
placements in morphwg@nﬁt;c ccrrelauions, striving o
atbtract the developmental mechanics ﬁa-thiﬂ‘groblem»

Some goviet mnr@hglmgis+s (s. Eryzhanovskly 1939~1957,

V. Vasnetsov 19&0—1953 and theﬁ
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trend, reduce a2ll ontogenelic

in the developing

and deny the preservaitio

of material accumulated, which

21

lopment of fthne problem of

change in ontogeny. A final

of ontogeny. Howsver, compsrative
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(V. Vasneteov, S. Kryzhanovskiy, B

and their pupils) allowed division

cdevelopment of animalg inko perioda

tran
empryo

- of his uOf’i*’}

position of close systemafle animal groups, great amounts

solublon of

cannot be glven by comparative morp
participation of evolut
and geneticists is needed here, in

metabollsm characteristics 1n different stages

wo8ely related animal

I. A. Aprshavslkly, developing the ecological embryology

gformations to straight
o . P - g O
Lo The envirorment

inheritance in embpr-

do nov accomplish

mditions of embryonic

4 4 e ’ 4 Hate ST AT
Soviet Unlon at present with the study of

allows summation of the
factors determining the

his problem

hologleal studies; the

and periods
ecolo-morphologlcal
ZToups
.S, Matveyev, G.A.Shmidt
of the individual

and..shages, charvacieps
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ized by special forms of adaptatlons to the change of

hablitat., This snelysis of gpeselfie sharacteristlcs of

structure and function in ddfferent perlods and

£

steges makes it possgible to relise the problem on factowt

determining the change of ontogeny, which should aid

n

physiclogiets, bioch et and geheticistyg Lo reach the

wmntal angwer te U

erperi e ralsed problema.

&s was gtated ebove, Darwin had already pointed

e

m

sut with definitive clearness 15 the essay of 1844, that
"regligible éban es Anitially sppear in all life periods®
and that "with inberitance they are inclined to appsar
spain in bthe corresponding age' ("Eassay 1884", Works,

-4

Vol. 3, 1939, page 220). These Derwinism ideas fully

correspond to our present views on the origin of new

2

jadaptive charvacteristlics with the divergence of leatures

in the formation of gpecile

sccording to present views, they orl

."U

H

Lot

genetle changes

n the gamut, beginning with the ovum

ant ending with the adult stage. Morphologic and physio-

features of adult animale, as definitive signs,

PN VR )

have developed as asdaptations to the habitat conditions of

rinate ag onto- |
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the adult animals, providing their life and reproductlon.
In individual development each gpecles in different
periocds and stages of itheip &eveloprpntaw posgess specifle
adaptations to the conditions of embryonic and post-
omnvyoniﬁ development. All prineiple functions of the life
process {ﬂutrition, bﬁcaubjng,,excration) in embryos and
larvae are Aifferent than in adult organisms. Transforma-
tlons of these speciflc embryonle and post-embryonic
functions to the spascisl conditions of 1ife (different tharn

in the adult organisms) are the source of enoplasms with

the formation of species in adapiive ewosluticn. In
addition to thls, structure and functions change, not only

In embryo and larva, but also in té@ formation of features
which change in adult animale. The character of these
changes 1s extremely varied, and in genetically succes Sive:
series of ontogenies (phylogenies) only those signs are
G nsérved and strergthened by natural sgelection which are
useful slgns, which defermine the survival of the best
adapted Lo the glven environmen ai.cana’“iansg

We can separate the factorsg,; determining the changes

in ontogensgis, into three categoriles:
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1) Hedberogenelty of here&itary structure and
1bi®ahémi@&l compogitlion of maternal and y&terma} germ
elle, which glve beginning to daughter organism {cytos
plasm and slso deutoplasm).
2} Displacewents in mﬁrghag&netic correlations
With the establishment of organs, caused by different
differentiation rates in ewbryonic cells and tissue
funetio s corrvegponding Yo the differences intheir
developmental conditions.
3} Punstion trensformation in relation with the
change of envirorment in different stabes and periods of
individual development,
In analyzing thege factors we sghould remember
 Derwinis statement: "In whatever pericd of life the new
characteristlie inltlally appears, 1t usually remaing

hidden in the decendsnt until it reaches the corresponding

the cub usually develops the characteristic zt an earlier
age than the parvents'. ('"Changes Indomestic animals and
developmental growth ln domestic conditions™, Worka, Vol.

¥ w7 e &
4, page 360}.

age, and then 1t develops. When this rule ie not confirmed

l

" We should remember, that in-epmaequence of the
R Y 8 AN

4
:
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| paternal germ cells becomes effectlve In every dsughter

.

needs cﬁrfeSpondimg tc the envirorment.

structure and bilochemical composition of mzternal and

general asynchronous natuse of individual de?elopmant of
differeﬁt organs, there 1s no specifiec sequence in the
development of these factors, each of them can develop

at different times and, depending on the organisms,

In the filrst place, the heterogenéity‘of.hereditary

organism uniting in différent combinations. This hetero-
genelty of haredit&ry structuré of daughter and ﬁarent
organism can téll on the diffeprent stagés of ontogeny
itselfs it can change the entire ontogeny, and effect
only separate-speciﬁicﬂsignsf I will not touch upon
these proglems; these problems are beyond my scope, and
thig is a concern for geneticlsts and bi0chemists;
Speaking on the influence of the factors on thisg order
orni ontogeny, I would llke only to emphasize by a separate
example, that not only heterdgenous comp¢§it1on‘of the
chromosome apparatus and cytoplasm can_détermine specific
deviations in ontogeny, but also the compositlonal char-

scter of the pellicle'in the oyum, i1.e., the food material;

recelved by the germ cell while it was gtill & part of the



Thie principle~ontogeﬁefie atages mre 1llustrabed

Cin Pig. 1 for two nelghboring specien af Blatk Ses

labreld fishes (febridac femily) &ﬁ@ﬁil%bﬁus and

Ctenclabrusg of the Order Perciformes. In splte of the

!
|
; LT
maternal organism, of 1ts gonad..
grest simllarity in the hebltat for aduly fish, bhe

| course of thelr embryonie and post-embryonic development
5 .

« differs mach from stert o finish. The sizes of their

. ova Are very ~¢£ﬁl ar, a8 are the adult forms: In Crenl-

 labrus~0.80 - 0.90 mm, in Ctenolabrus - 0,78 - 0,84 wm,

sut. Ctenolsbrus has a typleal pelagls fish eggs with very
thin menbranes awd transperent, coloriege vitelllcle of

watery conslstency. This vitellicle composition deber-

rines the enriwe oﬁto&anw+i& course . In the cleavage

atazes She embryonde dise in Chencisbrug 18 spresd on to

:
:
i} .
i
i The vy é’&&ﬁlﬁ il the blastomers gre not geparated by &
! L ‘ L
.  ¢harp boundary from fhe vitelllcle. The hatching of

larvae ogeurg very esrly and the lsrvae conducts &
pelagle form of life; having g whole nunber of lar PVE,

soept ami@na to the pelagic life. Crenllabrus has &

h@t@ﬂmﬁﬁwwllimg type of ovum Pixed to stones with very

Lonlok o stloky cancentrated.vitellicle of bright yelloW .
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The ova membranes are very dénaa, thick and able to

adneve. In the division stage the blastgmgrs»are'isoiaﬁe&

by 2 sharp boundery from the vitellicle 1n‘tha‘f®rm

o~

of a cap arcund the vitelliele. Haotehdng 1s very late,

an the a@n@enﬁﬁ&ted viﬁglliaia provides the food for
the embryo fgr a 1&&@ @imef and this in fhe 1ittoral
aceditlong of béﬁt@m aweliing Qv& is an important
biological adsptaticn.
Qan&equﬁmyly,.ﬁhe'chﬁractérwﬂf hlochenicel prdum
cesses In the germ gland of the female, where the ovum
of daughter ergani on 18 foxwx@ dfterm¢neﬁ 211 the
ﬁu@aaquant ontogenetic course and sharp differences in '
the bilclogy of dé?&lcpm@nt for these two alosely~related

Aﬂwcie of fl@hﬁﬁ Lalo Lng to one familv,

‘It should rather be said thut the differences in

.wit@llicle compgsitian form & materjal for natural

ﬁeieﬁticn,_giving it the pgaﬁibility_for the adaptation

of these two fish specles to different ecological

conditions.

The mecond group of factors, ianfluencing the mors

euopenantic course, ave the displacemﬁnta in the relation~




Ctemobubrus Crenilabrus

A 3 O S . N A o I AR 0 L SO
bl s S AN thne ontopenesis of the two

Ctenclabrus from ths

nt compoesition of thelr
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l.e., displacements In morphozenetic correlations

mants, of which cone

e Ty P BN R S P { g g . s
the regulating meterial [reactor) on the mnerphogenic

of the activator. The study of mubal interaction

systems or, as D.P. Filatov (1943)
P S . e . )
called them the form developing appavrtus, in the history

of individual development and in thne svolution - the

o

o e " - 0 g e e NPT N P S e oy . [ S T ST
problem of experiments]l smbryvology, was solved by tThe

comparative experimental lnvest

1e

in practical to reveal the Tormative action of one

ent on the other by means of enzymatic or hormonal
factors can be done only expevimentally. However, the

displacemants in these morphogenetic correlations in the

evolutional develop "
biologle importance can be wdlerstoocd on the basis of
omparative-embryoleglic studies for a number of related

pus
4

tion of cutli in vertevrates in

groups to upper (B.S. Matveyev 1930, 1932, 1940, 1945

cpens ways for phylogenebic. study.and. the

1 st e et
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Fig. 2. Scheme of the evolution paths and trends of
ontogenetic differentiatiocns of the cutaneous covering for

vertebrates in vhylogenetic development. |

1~V - Function types of cutansous coverings: I - Protective

— bll_i_ -
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(by forming cilia and cuticles); II - Secreéing (by form-
ing single cell snd many cell glands); III - Sensing {by
sepérating the primary and bthe gecondary sensory celis);
TV ~ Coloring {(by differentiational plgment cells); V -
Embryonic laying of protective skin organs in vertebrates
by forming the form development apparatus. la-lb ~ Number
of stages of dentine formstion in sharks (Selachil) with
the formabtion of placcid scales with a typlcal enamei orgal
2a-0h - Development of bone denticles {2a-2b), dorsal
"zhuchek” and end plates (Ecwﬁd} in the skin of sturgeons
(Acipanaariﬁae) with the droppling of dentine formatlion;
3a-3c - Deveiopment of cycloidsl scales in the skin of
pory fish {Teleosteil) with a complete rudimentation of the
enamel organ; 4 - Diagram of the ganold scale; ag an ex-
ample of a complex df many scale generations; 5 and 6 -
Replacement of skeletongenetic function by glandular func-
tion in fish skin; -7-10 - Common rudiment of horny scales,
feathers and hair in emniotis; Ta-T7d »vDeVelopmental stages
of horny scales in reptiles and blrds; Ha-8d - Development
of downy feathers and Be - Development of contour feather;

Ga-0d ~ Development of hair stages with complete rudimen-

e
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tation of connective tissue and the developmental progress
of the epidermal rudiment; 108-1Cb - Restoration of horny |

scales in manmal skin.

transformation af'euﬁameaas covarlnge in maﬁmals and
eomelude that 1 ocours in guccessilve Omﬁogem&tié gerles
by digpla&@menﬁ of morphogenetlc corr&laﬁionm}betw&en
ﬁh@ﬁ$i&&ﬁm&l orgsn rudiment and ;tSvMﬁEd@rMﬂl vart,
developed in the cordium., These displacements cacur‘
under the influence of the yudiment&rﬁ function change
of cuti, depending on the developmentsal GOﬁditiDﬂﬁ*b A
ﬁabie in disgram form 1g glven on Fig. 2 which illus~
trates the transformations of cutansous covering organs
in exbryonie development. It should be rﬁmﬁmbgr@d3

that the eubsnscus covering is a pysbem of organs, whilch
has 8 well-expressed mulitl-functlonsal character. Nor
moat animal speclies the presence of four groups of
cutaneous covering functlons ia.char&cﬁariaﬁicz~ Pro-
tection (1), secretion II, senpitlvity III and coloring
.IV, which are in elouse depenﬁén&& on each other. ILet

ug turn cur attentlon to the protectlve function, which

Seamemnmicy

is expressed in the vertebrabtes hy.lhe development.ofl

- 16 -
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 dlfferent scales and theif derivatives ~ feathers and
iAha:':m:fu“ﬁ,,}‘-:r;s.xf}&‘:i.,‘*!;%:;21';.fs:sza-m’? thé7au$aﬁéﬁug skeleton. In'all V@féﬁ*
brates in thelr ontogenetie evolutlon is the priméﬁy
rudimentf.erMﬁd by the concentratlon of cylindriesal
cells of the epiderm growth layer (?)w mhia ectodermle
placoid interants with meﬁenaﬁymal cells and forms the
apparatus of "form davalogmenﬁ"% aé DLP.Filatovy ﬁnﬁerstdod
1t, Whﬁ?e pl&coid_eyidermiﬁ is the activator and ﬁasenahy~
mgl rudiment 1s the reaatdr, at the sxpense ol Wﬁieh the
Reorm develapﬁant“ of skeletai‘elemanxs takes place.
Ay the date of aampaﬁative angtomy snd pmlyatology show,
the earliest and primary prqoeﬂé in vertebrates is ‘
dentine formatlon, i,e.; the development of'dentihe
dénticles dn the gkinva@adrding tolﬁhe type of placoid
gcales in present-dsay shar?s and teeth In %hﬁ mouth
(ﬁﬁﬂ Fig. 2, la to 14). The placoid;epidermis transforms
into the enamel organ, Which produces dentine formation
through the transformation of mesenchymal cells Into
éﬁ&atabl&éts. At present afﬁer.a long Qiacuasion among

paleontologliste and mprphologistﬂ on the problem of -

the orlgin of external bony skeleton in early ldwer
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early agnathour (Agnaths), placoderms (Placodermii),

bottom-Gwelling cartiliginous Tish (Ch@ndrichthyes) and

- K I 1) - PARR | Y B i a3 S — U . - . o fen e Tper
early boeny fish (Ostelchthyes) was formed through the ;
|

transformation of primal dentine wcales into cosmoid; i
panoid scales and bone shields (see Fig. 2,4). In the i
|

most of the present bony fish {Actinorterysil) the |
;

N L T i P PR £ S - ) bay g ¥ i
ability of dentine formaticn was lost. The skeleton i
formation character in the mesenchyme papilla depends ;

on the degree of enamel organ development which In turn

depends on the condition of the skin scecretory function.

Fal

By increasing the funetion of mucous separation the forma-

tion of enamel organ in the epidermis is stopped, and it

i
'
1
i

c»

disintegrates. As a conseqguence of this the morphogenetic:

h;
<

mutual relation of the cnamel organ and mesenchyme papilla.

ig disrupted, and bone ig formed lInstead of dentine.

The ability of dentine formation 1s preserved in the mouth%
where dentine teeth develop, in other coatings however
1t is replaced by bone formation. This can be well seen
from the development of the bony scales in sturgeons

(&aiﬁenﬁeridae), Sturgeons maintain the abillty to

develop many scale generatlions as the sharks do, but
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tthelir skin, The development begins a
o e -,

typleal ectodermsl wlacoids
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i which The rudimentary enamel organ is
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occurs under it and a thin plate of osteold tissue, with-

mental stage of the embryo and, morecover, on the degree

out bony bodies 1s formed. The placoid ectodermal rudi-
ments of the enamel organ begin to separate in the basal
epidermal layer, when the skin reaches a specifilc differ-

entiatlion level, which depends first of all on the develop-

of mucous sectlon development., The seguence in sceale
rudiment distribution depends on dlfferent degree of

skin differentiation on different body sectlons. It

is interesting to note the differences in the differen-
tiation level of epidermis as the externsl coating from
the influence of external medium factors in relation with
different way of 1life of the young. Thus, in the fry

of the naked dyptichus (Dyptichus dybowski), living in a

protected environment, the epidermis reaches a consider- ;

ably lesger vigor, than in the fry of the pcaled dyptichus,

(Dyptilchus meculatua), 1iving in fast current condltions,

leading a bottom~dwelling form of life on stony bottoms,
and sc on. Corresponding to thies, we see a lag of scale
coating development in the first ones, and sometlmes its

complete reduction. In the second oneg, on the other
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hand, an earlier scale development &nd thelr progressive

development are noted.

8t111 a more compllcated reconstruction of inter-
actlon between ectodermic and mesenchyme scale rudiments

and their depivatives ceours in fmmiota (reptiles, birds

and mzmmals) in relatlon with the sclerosing of the skin
 coatlings. The replacement of mucous section by horn

| formation ereatep the development of skin organs (Fig. 2,

7 to 10)}. Rudiments of horn scales, feathers and hair
appear in the epidﬁrmié still before the beginning of
pclerification, and possesa the characteristlc form of
placoid ectodermis and the accwmulation of mesenchyme
cells under it (Pig. 2, 7 to 10). With a larva type of
development the formation of scales and ather'skin cover-

ing orgens ceccurs In the three way of 1living, when the

developing organism collides directly with the external

 medium and all the diverse functicns (secretion, breath-

ing, protection, sensation, and color) are of great
biologic importance. With oviparity and viviparity when
development occurs to a considerable degree in indirect

relation with external medium, most of the functions,

except sensitivity, lose their biologic meaning, The

21 —

A
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development of horny scales, feathers and halr takees place
in completely different conditions. In Tish the eplder-
mal placoids play the role of functlioning enamel organ
only for a short time, and predominént.value in the
development fells on The mesnnﬂhyme part; where different
forms of pkeletogeny are accompliﬁheu. In all Amnmlota
howsver, a predominant value goes ovav fo he epldermal
egtabllishment and the cormective ti“ﬁdﬁ part in the form
of a pulp in the majJority carcvies only the function of
providing the nuteltlon, In reptlles ﬁﬁig. 2, Ta to 7¢)
the rudiment preserves the form of a scale-shaped organ,
although the seale 1tselfl (with"connective'tissue papillae
inside) develops from the epidermis. However, as it is
known, in many reptiles the abllity to develop bony
formations 18 meintalined, and bony piateﬁ under bony
scales form in different groups {turtles.j crocodlles,
chamela&ns, gekos, ete.) independent of one another. In

birdw the development of scezles and feathers beglns in

‘a fashion similar to that of the development of scales in

reptiles, in the form of scaly organ rudliments, and typlcal

horny scales are developed on the legs. On the body




q(B;S. Matvevey 1932 aﬁ& 1939), snd then the epldermal

{ ent periods ad the aﬁageﬂ of individusl development,

e

hmw@vér; the development does not stop with the c¢ondition
of a scaleé=shaped rudiment, but bransforms into a papilia-
sh&ped‘orgén wlth further éisintegraﬁion’of‘epidermal cap
into longitudinal threads of the feather (Fig. 2. 8a to 8b)
ﬁiﬁh the dﬁvei@pment of halr io mgrmale only the very

earliest rudiments h&ve the form of ectodermal placolds

rudiment rasches couplete dominance, and the mesodermal
part has a subordinabe role in the form of & hair bulb
(¥ig. 2, 98 to 9d). Kowever, the abliilty to form scales
ig potenbtlally maintained, and,indapend@ﬁtlg'im diffarept
memmglien orders scaly covering develops on the talls
and claws (Fig. 2, 10a to 10b) .

The third group mf’faatsrﬂ, which inflménga the
morphogenstic chaﬁaé%eriatica and the origin of neoplagme
in ontogeny 1s the change of organ funcilions in relation

with the transformation of form and metabolism in differ—

corresponding to the organizstlongl level on the glven
segment of Andilvidusl development, and nevw relationships

to the environment. Aeegrding to the Indicatlon of
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Darwin, reaeﬁded in thé esséy of'l8#4 "dekection in the
course of mucvessive cenburiss conbiruwes to adapt horns
to some single purpose and 1arvge <~ Yo ax entirely d;ffu
avent purpose, therefors it is not surprising that the
difTerences b&tw%&n_th@m ara_strikiﬁgly grest... and Af
the embryonic f&ﬂm.zhguld segrch food foxr itself, then
1ts structure and adaptgtiam will be as important for the
species as the strucivure and adapltation of the adult
arganism“ (Essay 1884, Works, Vol. 3, 1939# page 2143,
AN Severt&OV’fﬁrther &evﬁl@p&d this polint of
view in "Studies on the theory of evoluplon® (1912) he
wroter ™Ihe function of arganﬁgian& cmnséquently theirl
mofphol@gic and hilstologic structure, are édépted and
coordinated not only to ﬁp@aific'eﬁviranmenta, bub also
Yo the specific 1life stages, respecilvely: 1. &eneral‘
structuve of the animsl at & given age and 2) corres-
pcﬁ&ing to conditions of external ﬁ@dium, in which 1%t
liver In this gtage" {Works, Vol. IIX, 1945, page 101} .

Soviet merphologists V.V. Vasnetsov, S.&. Kryzhanovskiy,

1 B.8. Matveyev, Mashkovstev, 8.N. Bogolyubskly, ¢.A.

Shmidt and their puplls, continued the development of

%G PRSI 5 S B P
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cevolutional embryology is most Interesting for compara-

i d

e

E
formation of adaptations related Lo the search of food
V. V. Vasnetsov (1946-1953) developed the problem of

steges r Individual development of fish, G.4. Shmidt

pericdiceity in embryonic development in animals. These

preklems are of great lmportance in artificial breeding

of animals, and they awextenslvely developed by special-

iste, practleal workers in flsh culture, poultry and
cattle~raising.

nfortunately morphologists and theorists of

evelution in forelgn literature give insulficient atten-

tiocn to problems of function transformaticn in ontogeny.

Thus, for example, A. Remane (1956) in his thorough

- summary, concerned with "Principles of the natural system,
comparative anatomy and phylogenetica", in the survey of

blogenetic law and phylogenetic changes of ontogeny gave

a very detailed analysils of different presentations on
this problem, but completely omitted the transformation

of functions. The problems of change in life, change

and the expansion of functlons were analyzed by him in

ve sevlo=morphologlce studies. When studying the transse

[
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in two different formg can perform &t the same time in

the game Bpecles, one and the same function, end this
represents an extremely imporbant transifion method",
"Origin of the sSpecies®, (Works, Vol. IIT, 1939, page 405).
A. N. Sevértsov in the book "Hvolution and Psyehology™
(1923) emphapized that Yapide from heredibary organ

oral changes in animals

fi

changes there are alpo behav

without change of their organization, which plays an

lmportant role in the process of evolution and serves

ag an Important means of animal adaptation to environment®.
It 1s impossible for me in this article to dwell

onr the natural regularity of function transformation rules

in relation with changes of environment. jI Just wish to

note again, as I often have (B.S. Matveyev 1939, 1940,

1853 and 1957), that all function.transfmrmation rules

in phylogenetilc development (A:N* Severtsov 1931 and

1939} even more descriptively proceed in individual de-

velopment. More than that, 1t seems to ue, that by

,étudying the role of ontogenetic transfomations in adaptive

evolution there could be the formation of specles and in

H

control of development with the formation of ramces. At
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ism, inherited from ancestoral forms, in relation with

1individual 1ife of the organism remains cne and the same -~

the present time we cannot be limited by a problem of
wher and how the ontogenetlc chénge orlginates. 1t is
necegsary to reveal the causes of the orlginating changesa~

In the chain of transformations in the developlng organ-

the changes in habitat conditlons, the functlon trans-
formatlons are included, whleh in successive order of
generations lead to transformation in the structure or
organg. As 1t was cor:ecﬁly noﬁed by ¥. Vasnetsov
{1946 Ho 1953}, in each stage &nd'period of individual
development, a gqualitative change of functions oceurs,
and corresponding with this also cegursg the qualitative
level change of organizaﬁion and biology.

The trensformation analysis of the breathing
function gives us a very elucldating example §f funcﬁion i
tranaform&ticn in ontogeny. Still in 1934 8. Kryzhanovskly
noted the reglaaemént of provisory breathlng organs in

the development of fish, Breathing in the course of

providing oxygen for all orgsans, in distinction from

feeding or a numerous replacement of food objects there

S
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i occure, therefore, the transformation of different forms
of ohe end the same function deseriptively seew in the
breathing process. In the early developmente. stages

of fish, the embryc breaths through the whole surface

of the body (osmotic breathing), then the brerihing
functlor 1s accomplished by a:griﬁrof blood vessels on
the vitelline sae. The breathing b&éﬁ%ﬁeilime blood

1

clrculavion ls graduslly replaced by jaw?f%i@gas on the

hyoid ard mandible arches (external manible Broathing),
frequently in addition to them a caplliary neirork of
vegsels develops in the unpaired fin edge. Orly at the
end of the larval period the definitive operey lar-
mandible treathing act enters inte sction. Thuas, before
the beginning of the functloning of the defini sive Jaw
in the exbryo a whole number of proevisory bresshling organsf
pass repliacing each other in succegsion. Befcre us ls an
exémpl@ of the.phenomenon of organ aubstitnti@ng per-
forming “he breathingffuncticn, and simultanec igly the
funetion substitution in organs, providing the breathing
for embryo and‘larva, in the definitive state however,

performing completely dlifferent functions (B;ﬁa Matveyev

[3
£




Jmulsi~functlonality, whereupon all function changes In

‘ex&mple-af phylogenetic orgen chenge, which is called

function subsbitution (A.¥. Severtsoy 1931). Skin skeleton

1940 dnd 1957).

A Lﬁe wil; digcusgs the role of organ function trans-
formation in ontogeny, &8 & fastor, which influences the
m@rphogenéﬁie chargeter, 8180 by an example of tThe dew-
velopment of skin covering organs. Skin coverings are

syatéma of organs, possessing the most clearly expressed

these organs are directly r@lated to the animalts mode

of 1lfe and the envirorment. For the epidermis, ﬁeaides
the above-gtated inducing function of skeleton building,
glandular fucetlon 1s extremely ﬁh&r&ctefﬁatﬁgg Thé \
comparative embryclogic sﬁud;éﬁ of fish skin development
show that these two functlonsz are 1n an antagonistic to
gach other. The functioﬁ~af skeletal inductioﬁ is depend-
ent on the intﬁnsité of gilandular functionm, the stronger

is suppressged (B.S8. Matveyev 1945). Before us we have an

and mucous sectlon aacomplishﬁthﬁ game [Munction protection
of animal's body Lrom external Influences, but In

different ways. Witk hypertrophy of glandulgr function,




&

{ b

ithe skeletogny function can completely fall out (Fig.

2, 5 %o 6. Indeed ws see th &

development of mucous secbion functlon is chapracterist
ipossess a bare skin, the skelsbon formetions in them are

reduced Besides this 1t 18 interesting to note that the

to Fform gkeletal formations 1s not completely lost

o s
ablility

“7;

either in future ontozenetic development nor in phylogeny,

and in cases of the glandular function weakering 1t can be

to the animal.

s

Lt

.restured agalin, 1f this will be uselul
3

@

Flg. 3. duin cross-section of catfish fingerlings

R

h oenamel organ rudiments.

(Callichthys) 19 mm

?V icrophoto.

the relation beétween

]
[y

A8 an example we will discuss

'glandular and the skéletel-bullding functlons in the skin

i
s




4
of catfish. 4&s 1% iﬁ'knawm,‘forwa numbe r ef‘éatfiaﬁ
{Siburidae, Amuri&aﬁ}'ﬁha=@mﬁsence'cf pare skin 18
characteristic, and for armored catfigh (Callichthyldae,
Loricarildse, Trychomyoitheridae), bosldes the presence of
| ‘bany armer, thé preaeng§<ﬁf resl ﬁl&coid hooks 18 character
‘iﬁtia.an thﬁ,gxﬁarnal surface of the bony armour plates.
‘fha'stniiﬁs of 0. Herbwig ilﬁ?ﬁ.and l979), G‘ Klaatsch
1 {1890), Aykhel (1916}, Payer (1928) and aﬁheés esﬁabli&hed
‘@mel&té structural homology of dentine forms in armoured

catfish with placoid scales. Study of their development

(Bati-Hamid-Kan 1938) in catfish (Pgllichthys)Fully
confirmed the histolozle studies of other guthara; "Tb‘!
explaln the above-~ralged prqbi&mﬁ on the effect of mucous
section functlon on the ﬁkélet&l«hﬁil&ingvfunatimn;»1

wndertook the compardison of skin development of the catfish

(Giliehthyx)and of (Silurug glanis).

In the catfish the d@velopmaﬁﬁ of two mcale genera-
#isﬁs'ig meintalned. In eérly gbages the bony plates are
establlished, which form bony shields of the external armouxn
armd agnaiderahiy later the s&cand generation of” seales

@

ig formed, which developed as typloal placoid scales
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In relation with this with the development of second
generation of scales, & real enamel organ is formed and

a typlesl placoid scale with dentine is developed (bhati-
Hamid-Kahn 1938).

. In 79 to 80 mm bare cztfish (Silurus glanis)

ezl
S

the development of skin proceeds in another directlion.

In Fig. 4 three cross-sestlons in different places of

the body are represented (belly, tall secticn and fins),

illustrated with one and the same megnifilcation. In all

crogss-gectlons the epidermls is manyuiayered, i.¢., by
tg differentiation 1t is considerably older than in

s

catlish, but there are no bony formabtions either on the
 belly (Fig. 4 2) or on the tail (Fig. 4b). On the other
hand, there ars many gland cells, Andicating on the
highly-developed glandular fun&timn; The large flagk-
shaped gland cells and the mucous cells gre distribubted in
twe Lo three rowe on the belly. In the tail section,
where the moving function of the body is more developed
the number of mucous cells 18 considerably smaller (1—2

rows). On the cut through the back fin (Fig. 4 ¢) the

mucous function of epidermis is almost absent on both

— 3 -
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51&@5'0f the fin.

Only separate gland cells are seen on

thé cross y-secbion, whereas under theeplidermls the bony

4

&"f

viate

ez of lepidotrichis lie in the comnective bissue.

The comparigson of thess throe sections gives 8 clear

plistures of g)wmmu

‘ﬁ?

s lenal

> grd shalebtel skin funotion inter-

3 fungticm in oatfligh il completely

replecad by the mucous excretion functlion.

But the skin

bony seales,

b

on those spectlor

ave few, the epldsrmis

The whole hod

&

does not loge the abllity to develop

o

v oof eatflah remalaos bare,
nz of the Wody, where the adenoblaats

esnentlolly. neintaing the skele-,

togony Function. Thus in a one yesy old cabfish {150 mm),

caught by L.8. Berg

ir the Amu~Dord and given to MYU

Zoological Museun, wi 4l %emve"eﬁ Heveral scale-shepad

rowg on the glll cover exbternsl to 1ts bony plate with

3

complete abeence of

arog-séstlon on the 2111 ba

the cubt there are found &dﬁﬂ bl aats

typleally~developed

developed enamel org

geales on the wasle body. The skin

r of this eabtfish i illus-

The epideruis is here many-lay @red$ on

but there are algo

goale emtabliﬁ%m&;t With & welli-

zan in the form of Malplghian epildermd




layer gala. Under it by using Mallory!s stain we mee
bory galas, which gre sisined with blue, reminescent of
"th@ denbine cones of placold teeth. Thus, the bare skin

of catfish (Silurus glanis) Gid not lose the ability %o

form skeletal farﬁaﬁiﬁnﬁ the akﬁletélwhuilaing functliop
belng only suppresssd by glandul&r"functiaﬁ“'Befera us
 we have an axample of & phenamgnon'ncted,by Darwiny
When the &@@gnd%nﬁ keeps the hereditsry traﬁﬁmiaﬁian &t
the aarrea@onﬁing gge the sucestor slgn, inberited by the
descendent, ocagn for a long time be in a'latency and -
will sppear only In the following genersations. The
appearance of alatent slgn in ﬁhé followling generations‘
oaéurs, when 1t beeomés a4 useful &dﬁpﬁatieﬁ in 1ts relation
Lo environment. |
hegording bo the law of hereditary sign trans-
migslon in the corresponding ag@~{ﬁarwia}, fish skin
eventually preserved the pa&ﬂibilitylto form plagold
scaled, but this potential iﬁ latent. @nly'in the mowth
of the vertebrabes the:andodermal sovering realize this
poetential in the form of tb&.ﬁmcth'ﬁysteﬁd In some figh,

for example, in the armoured catfish, this potexttial was
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agaln restored with the development of bony armor as ;

&

to protechtion from enemlaes.,

.an adaptatis

‘Fig. 5. Skin of 150 mm naked catfish (Silurus glanis)
4 .
tin the vegion of the glll cover. The establishment of the !
i
ensméel geenn. Microphoto. :
§
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? i
i b
] i i
H i
§ :
“ :
§
€ i
g i
: ;
;
i
i {
i i
; !
] P
A simller realization of the latent skeletogceny potential |
i was restored on cover of the bare catfish in
; ;
!
the second vear of ite 1ife. Before us of

restoration of the lost correlatlve interrvelatlions

y

- sriresten
ot
N
o)
6]

R L o VRS (e bt e mme o g

. ;o of chorium and eplidermis ag two parts of form develop-
§ - ol 1 g 2 £
; mental apparatus for the development of scales in those
H
{ . ; )
¢ oskin sectlons where the skeletogony epidermls function :
t i
!
{ could have bheen restored due to the weak development of i
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restoration in the descendent, lost L: Lhe o

adenoblasts.

Similar kinds of effescts of dlstant & ; slgn

the closeat relatlives, were names by me secondany
recapitulations (B.S. Matveyev 1929) . The Facl

placoid gcale restoration in the skia of

new exmmple of secondary recapltulations.

The establishment of the fact of
latency of &an old anceestoral sign and the
of its restorstion in the onbogeny c¢f

with a change of relatlonship in 1tg fun

depending on the enviromment pregent = proal Intevest In

another vespect. If we meet restorstlion cszeg ol an cid
glgn with the chenge of funtlon in the n NN LCTIe

then this gives a right to the blolce:

resboration of latent signs in experine

If this were successful, then the blclog

& HEy
poesiblity of directing the develcpnent of Lresdis

according to his own Judgement and to open pobantial

possibilities in ontogenesis which cen pe ussd Ly a man

for his own needs.
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